Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



iiiniDiiiiiiiiMiii 

EP1 136 033 A1 



(43) Date of publication: 

26.09.2001 Bulletin 2001/39 

(21) Application number: 00850050.6 

(22) Date of filing: 21 .03.2000 



EUROPEAN PATENT APPLICATION 

(51) lntCl7: A61 B 5/00 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MCNLPTSE 

Designated Extension States: 
AL LT LV MK RO SI 

(71) Applicant: RADI MEDICAL SYSTEMS AB 
754 50 Uppsala (SE) 



(72) Inventor: HOK, Berth 

S-753 44 VASTERAS (SE) 

(74) Representative: Lindgren, Anders 
Dr. Ludwig Brann Patentbyra AB, 
P.O. Box 1344, 
Drottninggatan 7 
751 43 Uppsala (SE) 



(54) Passive biotelemetry 

(57) A method and a device for measuring a physi- 
ological variable in a living body, whereby a transmitter 
(1 ) is disposed outside of the body to transmit radio fre- 
quent energy, and a receiver (3) of radio frequent energy 
is disposed outside of the body. A transponder unit (2), 
having a sensor (11) sensitive to the physical variable, 
and a modulator unit (12) for controlling the radio fre- 
quent energy absorption of the transponder unit accord- 



ing to a time-sequence representing said physical vari- 
able, is introduced into the body. The transmitter sends 
radio frequent energy of substantially constant frequen- 
cy and amplitude onto the transponder, and the receiver 
monitors the radio energy absorption of the transponder 
unit to determine the time-sequence representing said - 
physical variable. The time-sequence is decoded to in- 
terpret it as a measure of the physical variable. 
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Description 

Technical Field of the Invention 

[0001] The present invention relates to a device and 
a method for wireless transferring of information on 
physiological variable values, and especially of such in- 
formation that has been determined by invasive meas- 
urements. 

Background of the invention 

[0002] There is a general need for invasive measure- 
ments of physiological variables. For example, when in- 
vestigating cardiovascular diseases it is strongly de- 
sired to obtain local measurements of pressure and flow 
in order to evaluate the condition of the subject. 
[0003] Therefore, methods and devices have been 
developed for disposing a miniature sensor at the loca- 
tion where the measurements should be performed, and 
for communicating with the miniature sensor. 
[0004] For example, a system and a method for meas- 
uring fluid pressure of a living body is described in US 
patent 3,853, 1 1 7. A sensorfor implantation in the cranial 
cavity is formed as a mechanically resonant structure, 
the resonant frequency being a function of the fluid pres- 
sure. By applying sonic energy from an external source, 
and by receiving the responding resonance signal, it is 
possible it is possible to detect the resonance frequency, 
and consequently to determine the pressure of the fluid. 
[0005] Another example of a known intracranial pres- 
sure monitor is known through US patent 4,026,276, 
wherein is described an apparatus including a passive 
resonant circuit having a natural frequency influenced 
by ambient pressure. The local pressure is measured 
by observation of the frequency at which energy is ab- 
sorbed from an imposed electromagnetic field located 
externally of the cranium. 

[0006] In order to communicate the measured repre- 
sentation of the physiological variable devices based on 
acoustical as well as electromechanical interaction have 
been developed. In both cases, the sensor comprises a 
resonance element, its resonance frequency being a 
function of the physiological variable to be determined. 
Energy is radiated towards the resonance element from 
an._external transmitter of acoustical or electromagnetic 
waves, respectively. The frequency of the transmitted 
energy is swept over a pre-selected range, and is reg- 
istered by a monitoring unit. During the frequency sweep 
the registering unit will detect the resonance frequency 
of the resonance element, since a drop of the monitored 
transmitted energy will occur at this frequency. 
[0007] Both of the examples above of known devices 
for invasive measurements, of physiological variables 
are examples of passive systems, i.e. the sensor inside 
the body does not require a source of energy, such as 
a battery or electricity provided via electrical leads. 
[0008] For guiding a sensor to a specific point of 



measurement during investigating cardiovascular dis- 
eases it is known to mount a miniature sensor at the 
distal end of a guide wire or a catheter. The guide wire 
or the catheter is inserted into a blood vessel such as 
s the femoral artery, and is guided by fluoroscopy to local 
sites within the cardiovascular system where improper 
functioning is suspected. 

[0009] The development of miniature sensors, or mi- 
cro-sensors, for a number of physiological variables, in- 
io eluding pressure, flow, temperature etc., constitutes a 
historical landmark. 

[0010] However, the assembly of the sensor and the 
associated cables and connectors is difficult to perform 
in a cost-efficient manner due to the small physical di- 

'5 mensions, the required mechanical precision and un- 
compromisable demands on patient safety. More spe- 
cifically, it is estimated that about half the cost, or more, 
of the total manufacturing cost for such devices are 
traceable to connectors and cables. 

20 [0011] As a consequence, devices performing these 
functions are still expensive, and the spread of their use 
is limited to areas of highest clinical priority. The cost 
aspect is further emphasised by the fact that devices for 
invasive procedures must be regarded as disposable 

25 items, due to the risk of transmitting infectious diseases. 
If the cost of cables and connectors could be minimised 
or even eliminated, large savings would be possible. 
[0012] Another problem with passive sensors of the 
kind disclosed in US 4,026,276 is the undesired electro- 

30 magnetic coupling between the transmitter/receiver in 
the one hand, and the sensor on the other hand. This 
coupling is due to the fact that the power supply and the 
signal transmission are not functionally separated. A 
manifestation of this problem is that the output signal of 

35 the system is influenced by the position of the sensor, 
which obviously is an undesired property. 
[0013] This problem could be overcome by adding ac- 
tive electronic circuitry to the sensor, including a local 
transmitter operating at a frequency other than the fre- 

•*o quency used for providing electric power to the sensor 
and the circuitry. Thereby, the function of wireless power 
supply should be separated from that of signal transmis- 
sion and, consequently, the output signal should not be 
influenced by the position of the sensor. Such a solution 

45 has been described by R. Puers, "Linking sensors with 
telemetry: Impact on the system design", Proc. 8 th Int. 
Conf. Solid State Sensors and Actuators, Transducers 
-95, Stockholm Sweden, June 25-29, 1995, Vol 1, pp 
47-50. However, a drawback of this solution is that it is 

so difficult to miniaturise to the size desired for medical use 
with a guide wire. Furthermore, wideband systems of 
this kind are amenable to electromagnetic interference 
and disturbances. 

[0014] Thus, there is a need for an improved commu- 
55 nication system for communication with a sensor posi- 
tioned inside a body of a subject for invasive measure- 
ment of a physiological variable, said communication 
system exhibiting reduced sensitivity to the position of 
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the sensor as well as to electromagnetic interference. 
S ummary of the Invention 

[0015] It is the object of the present invention to pro- 
vide a device for overcoming the problem referred to 
above. 

[0016] This object is achieved with a passive biote- 
lemetry system according to claim 1 of the appended 
claims. 

[0017] According to the invention, an electronic circuit 
forming a transponder unit is provided that may be inte- 
grated on a single silicon die of extremely small dimen- 
sions, and requires only a small number of discrete com- 
ponents which all can be accommodated and packaged 
within the available space of a guide wire having an out- 
side diameter of 0.4 mm, or on a separate plate for im- 
plantation. Alternatively, the transponder unit could be 
inserted into a living body as an implant. 
[0018] The system operates at a low bandwidth and 
hence is not sensitive to electromagnetic disturbances. 
Neither is it sensitive to position, nor to the precise con- 
trol of the transmission properties of the medium. 
[0019] Furthermore, it eliminates the requirement of 
cables and connectors to connect the sensor with the 2s 
environment outside of the body. 
[0020] Further scope of applicability of the present in- 
vention will become apparent from the detailed descrip- 
tion given hereinafter. However, it should be understood 
that the detailed description and specific examples, no 
while Indicating preferred embodiments of the invention 
are given by way of illustration only. Various changes 
and modifications within the spirit and scope of the in- 
vention will become apparent to those skilled in the art 
from this detailed description. 35 
[0021] The present invention will become more fully 
understood from the detailed description given herein, 
including the accompanying drawings which are given 
by way of illustration only, and thus are not limiting the 
present invention, and wherein 40 

Fig. 1 is a block diagram of a first embodiment of 
a communication system according to the in- 
vention; 

■45 

Fig. 2 is a schematical diagram of a radio frequen- 
cy power transmitted from the transmitter of 
a communication system according to the in- 
vention; 

50 

Fig. 3 is a schematical diagram of a rectified volt- 
age in a transponder unit of a communica- 
tion system according to the invention; 

Fig. 4 is a schematical diagram of an output signal 55 
from a modulator in a transponder unit of a 
communication system according to the in- 
vention- 



Fig. 5 is a schematical diagram of a radio frequen- 
cy power received by a receiver unit of a 
communication system according to the in- 
vention; 

Fig. 6 is a schematical diagram of a demodulated 
output signal; 

■ Fig. 7 is a block diagram of a second embodiment 
of a communication system according to the 
invention; 

Fig. 8 is a circuit diagram of an embodiment of a 
transponder unit of the communication sys T 
tern according to the invention; 

Fig. 9 is a circuit diagram of another embodiment 
of a transponder unit of the communication 
system according to the invention; 

Fig. 10 is a block diagram of an embodiment of 
transponder unit of a communication system 
according to the invention providing the pos- 
sibility to sequentially measure and transmit 
several physiological variables. 

Fig. 11 is a cross sectional view of the distal end of 
a guide wire with a transponder unit. 

Fig. 1 2 is a schematic sketch of a system according 
to the present invention in use. 

Fig. 13 is a schematic cross sectional view of an im- 
plant according to the present invention. 

Detailed Description of Preferred Embodiments 

[0022] The present invention exhibits a system archi- 
tecture enabling a transponder unit located within the 
interior of a human or animal body to communicate with 
electronic equipment located outside the body without 
the use of any signal carrying cables or physical con- 
nectors, and with reduced sensitivity to electromagnetic 
interference. 

[0023] This is achieved with a novel principle for com- 
municating the representation of the physiological vari- 
able to be measured, which principle also reduces the 
sensitivity to the precise location of the micro-sensor cir- 
cuit. 

[0024] In a system according to the invention, low 
bandwidth radio frequency power is emitted from a 
source outside of the subject's body, and is partially ab- 
sorbed to be used as a power supply for a transponder 
unit, said transponder unit comprising a modulator unit 
and a sensor unit, disposed within the subject's body. 
The modulator unit is designed to alter the electromag- 
netic field absorption according to a pattern that is con- 
trolled by the sensor unit in response to the measured 
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physiological variable, thereby being representative for 
this physiological variable. The system includes a re- 
ceiver unit positioned outside of the body, which unit is 
effective for registering said electromagnetic field ab- 
sorption. 

[0025] The transponder unit according to the present 
invention is useful for a range of applications of invasive 
measurement, such as measurements within blood ves~- 
sels (eg. for diagnosis of heart diseases) pressure 
measurements in an eye, measurement in or around the 
brain, aorta anoryxm measurements etc. The trans- 
ponder unit could be attached to an elongated member 
such as a guide wire or a cannula, or could be an im- 
plantable self-containing unit. 

[0026] The sensor unit of the transponder unit is not 
new in itself, and could include any suitable sensor de- 
vice, such as a resistive sensor as described in "An IC 
Piezoresistive Pressure Sensor for Biomedical Instru- 
mentation", Samann, K D Wise, J D Angell, IEEE Trans. 
Biomed. Eng. Vol BME-20 (1973) pp 101-109, oraoa- 
pacitive sensor as described in "A Monolithic Capacitive 
Pressure Sensor with Pulse-Period Output", C S Sand- 
er, J W Knutti, J D Meindl, IEEE Ttans. Electron. Devices 
Vol. ED-27 (1980), pp 927-930. 
[0027] The modulator unit of the transponder unit 
monitors the output from the sensor unit and provides a 
temporally coded modulation of the absorbed power 
based on the output from the sensor unit, i.e. the extent 
of the modulation changes in time according to a signal 
representing a. state of the sensor. This temporal mod- 
ulation, which is made according to a pre-selected algo- 
rithm, represents coded information of the physiological 
variable sensed by the sensor unit that is transferred into 
the time domain. The modulation is detected exterior of 
the subject's body, and as the algorithm used is known 
the information is easily converted to a value represent- 
ing the level of the physiological variable. 
[0028] With reference to Fig. 1 , an embodiment of a 
communication system according to the present inven- 
tion includes a transmitter unit 1, a transponder unit 2 
and a receiver unit 3. 

[0029] The transmitter unit 1 includes a narrow-band 
oscillator 4, an amplifier 5 and an antenna 6. Radio fre- 
quency waves 1 01 of substantially constant amplitude 
and frequency are emitted by the antenna 6 at the op- 
erating frequency of the oscillator 4. 
[0030] In order to control and maintain the oscillating 
frequency at a constant or controllable frequency ade- 
quate control means, such as a quartz crystal 17, is in- 
cluded. With a quartz crystal it is possible to ensure a 
frequency stability of 10" 6 , or better. This is of impor- 
tance both for the immunity against electromagnetic in- 
terference of the system, and to avoid undesired in- 
duced interference from the system to other electronic 
equipment. 

[0031] The system is typically designed to emit radio 
frequency power 101 in the order of 0.1-10 W, depend- 
ing on operating geometric range, accuracy require- 



ments etc. The operating frequency may be in the range 
of 100 MHz - 10 GHz, typically about 400 MHz. The 
schematical diagram of Fig. 2 illustrates, in a non-scalar 
way, the transmitted radio frequency voltage as a func- 

s tion of time. 

[0032] The transponder unit 2 of Fig. 1 includes 
means for converting power generated by the transmit- 
ter unit 1 into a local voltage. When power is capacitively 
received a single wire, i.e. an transponder antenna 7, 

io can operate as converting means, provided that a 
ground electrode at a potential differing from that of the 
transponder antenna 7 can be defined. A voltage differ- 
ence between the transponder antenna and the ground 
electrode will arise as soon as there is a net potential 

'5 gradient in the transmission medium. Therefore, a sin- 
gle wire, such as a section of a core wire of a guide wire, 
with a ground electrode can function as converting ele- 
ment to electromagnetic waves, especially at high fre- 
quencies corresponding to wavelengths of the same or- 

20 der of magnitude as the wire length. 

[0033] The voltage appearing across the terminals of 
the antenna 7 and the neutral ground 18 is input to a 
rectifier 9, for example a Schottky diode in the case of 
a very high frequency or a pn-semiconductor in the case 

2S of a more moderate frequency. 

[0034] The rectified voltage passes through a low- 
pass filter 1 0 and then serves as a supply voltage for a 
micro-sensor 11 and a modulator 12. The signal 1 02 be- 
tween the low-pass filter 10 and the micro-sensor 11 is 

30 schematically illustrated in the diagram of Fig. 3, show- 
ing the constant rectified voltage 1 02 as a function of 
time. 

[0035] The micro-sensor 1 1 responds to the physio- 
logical variable, such as pressure, flow, temperature etc, 

35 that is to be measured and provides an output signal 
corresponding to the variable. It may operate on a re- 
sistive, capacitive, piezoelectric, pyroelectric or optical 
principle of operation, according to well-established 
practice of sensor design. 

40 [0036] The modulator 12 converts the output signal of 
the micro-sensor 11 into a temporally coded signal, ac- 
cording to a specified scheme or algorithm, for example 
pulse-width modulation (PWM), frequency modulation 
(FM) etc. The modulation is fed back to the transponder 

45 antenna 7 via the switch 8. The output signal 1 03 from 
the modulator 12 is schematically shown in Fig. 4. As is 
shown in Fig. 4, the output signal is OFF up to the time 
T1 . Between the time T1 and T2 the output signal is ON, 
after which it again cut OFF. At the time T3 .it is again 

so ON, and so on. 

[0037] Thus, the power absorbed by the transponder 
unit 2 is influenced by the action of the switch 8, such 
that the absorption is different when the switch is in the 
ON state or the OFF state, respectively. 

55 [0038] This difference in power absorption will also 
show as fluctuations in the electromagnetic field ema- 
nating from the transmitter unit 1 in such a way that it 
can be detected by a receiver unit 3. Thus, the radio 
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frequency voltage 1 04 detected by the receiver unit 3 
will exhibit a higher level HL during the time interval be- 
tween T1 and T2, and a lower level LL before the time 
T1 and during the time interval between T2 and T3 etc., 
as is illustrated in Fig. 5. 

[0039] This enables the information of the measured 
variable superimposed onto the transmitted electro- 
magnetic field to be extracted by a demodulator of the 
receiver unit, thereby producing a signal 105, as is seen 
in Fig. 6, having substantially the same temporal prop- 
erties as the output signal 103 from the modulator in the 
transponder unit, i.e. each change from a "high" to a 
"low" occurs at substantially the same point in time for 
the signal 103 from the modulator and the signal 105 
from the. demodulator. Thereby, the temporal informa- 
tion included in the signal can be extracted. 
[0040] It should be noted that the schematical waves 
of Fig..5 are non-scalar. Typically, the transponder unit 
2 absorbs 0,1-1 % of the total energy radiated by the 
transmitter unit 1, and of this portion the range of mod- 
ulation provided via the switch 8 is typically 1 -1 0 % 
thereof. 

[0041] Any useful algorithm to transfer a measure of 
the physical variable to a characteristic value represent- 



below with reference to Fig. 13. Electrical connections 

between the components can be efficiently made by 

wire bonding or flip-chip' bonding. 

[0046] The receiver 3 includes a receiver antenna 13, 
s an amplifier 1 4, and a demodulator 1 5. The demodulator 

15 converts the time or frequency coded signal back to 
a sensor signal, according to an inverse algorithm as 
that of the modulator 12. The receiver 3 also includes 
means for signal processing and presentation 1 6. 
»o [0047] Theamplifier14ispreferablyofthetypeknown 
in the literature as phase-sensitive, phase-tracking, or 
synchronous amplifier. The bandwidth of such an am- 
plifier can be extremely small. The system according to 
the invention is preferably operating at an extremely 
'5 small bandwidth in order to minimise the influence of 
electromagnetic disturbances. 

[0048] An example of a detailed circuit diagram of an 
embodiment of a transponder unit 72 comprising a 
transponder antenna 71 , a rectifier 73 consisting of a 
20 diode and a capacitor, a capacitive sensor 75, three in- 
verters 76, 77, 78, a resistor 74 is shown in Fig 8. The 
circuit forms a square wave generator operating at a pe- 
riod time given by RxC, where R is the resistance of the 



, . tl resistor 74 in ohm, and C is the capacitance of the sen- 

ed with one or several intervals of high or low absorption 25 sor 75 in Farad. Thus, the period time will correspond 
of the radio frequency voltage could be selected. For to the value of the physiological variable as measured. 

if implemented in CMOS technology, this circuit has ex- 
tremely low current consumption. In fact, the main pow- 
er consumption takes place during the short switching 
instances. Due to this transient increase in the power • 
consumption, these instances may be detected remote- 
ly by an external demodulator unit as will be described 
below. 

[0049] In Fig. 9 is shown a detailed circuit diagram of 
yet another embodiment of a transponder unit 82, com- 
prising a resistive sensor 85, a rectifier 87 consisting of 
a diode and a capacitor, an operational amplifier 81 , two 
other resistors 83, 84, a capacitor 86 and a transponder 
antenna 88. Analogous to the circuit described above 
with reference to Fig. 8, the circuit on Fig. 9 generates 
a square wave, the period of which is determined by the 
passive components of the circuit, e.g. the resistance of 
the sensor 85. 

[0050] In Fig. 7 is shown a second embodiment of the 
communication system according to the invention. The 
transponder unit 22 corresponds to the transponder unit 
2 of Fig. 1 , and includes a transponder antenna 28, rec- 
tifier 29, low-pass filter 30, micro-sensor 31 , modulator 
32, and switch 33. 

[0051] The transceiver unit 21 of Fig. 7 operates both 
as a transmitter of radio frequency power, and as a re- 
ceiver of the sensor signal provided as a passive mod- 
ulation of the power absorbed by a transponder unit 22. 
Thus, the transceiver unit 21 includes an oscillator 23, 
a quartz crystal 34, an amplifier 24, and an antenna 25 
analogous to the transmitter unit 1 of Fig. 1 . In addition, 
the transceiver unit 21 also includes a demodulator 27, 
and means for signal processing and presentation, anal- 



o frequency voltage could be selected. For 
example, the modulator 12 could be adapted to close 
the switch 8 for a time interval directly proportional to 
the measured variable. Of course the variable could be 
measured repeatedly at selected intervals, each of said a 
measurements initiating the modulator to close the 
switch for an appropriate length of time. 
[0042] As an alternative, a measured value could be 
frequency coded in such a way that the modulator 12 
closes the switch 8 a selected number of times for a giv- 3i 
en time interval, corresponding to a predetermined level 
of the measured variable. 

[0043] The modulator 12 typically consists of digital 
logic and sequential circuitry, preferably designed by 
CMOS (complementary metal oxide semiconductor) 40 
technology for the purpose of low power consumption. 
The switch 8 may be a single transistor, either a bipolar 
or a field effect transistor, depending on the type of mod- 
ulation, operating frequency etc. 

[0044] The transponder unit 2 may be physically min- 45 
iaturised into one or a few components of very small 
size. For example, the micro-sensor 1 1 may be a capac- 
itive pressure sensor fabricated by surface machining 
of silicon, and having dimensions less than 
100x100x100 microns. The electric circuitry, including 50 
the rectifier 9, lowpass filter 10, modulator 12 and the 
switch 8 may be integrated on a separate silicon die hav- 
ing approximately the same dimensions as the micro- 
sensor. 

[0045] The transponder antenna 7 is preferably inte- 55 
grated with a core wire 51 of a guide wire structure, as 
will be described below with reference to Fig. 11, but 
could also be attached to an implant as will described 
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ogous to the receiver unit 3 of Fig. 1 . 
[0052] The demodulator 27 is used to detect small 
and time dependent variations of-the antenna 25 imped- 
ance. When there is a variation of the power absorption 
induced by the modulator 32 and the switch 33, varia- 
tions of the antenna impedance will be induced accord- 
ing to well-established principles of reciprocal networks. 
[0053] With reference to Fig. 1 0 ; an embodiment of a 
transponder unit 42 in a communication system accord- 
ing to the present invention providing the possibility to 
sequentially measure and transmit several physiologi- 
cal variables is illustrated. Although not shown in Fig. 
10, a transmitter unit and a receiver unit corresponding 
to what is described with reference to Fig. 1 , or a trans- 
ceiver as is described with reference to Fig. 7, is also 
included in the communication system. 
[0054] A selected number of microsensors 41 , 43, 47 
(three being shown as an example in Fig. 10, and addi- 
tional microsensors being suggested by a dotted line), 
each one responding to one or several of the physiolog- 
ical variables to be studied, are provided. 
[0055] Each sensor 41 , 43, 47 provides a signal rep- 
resentative of at least one physiological variable to a 
multiplexer 44 which sequentially or according to some 
other predetermined rule connects each sensor to a 
modulator 45 and a switch 46. The operational principle 
of the modulator 45 and the switch 46 is analogous to 
the previously described modulator 12 and switch 8 of 
Fig. 1 . The sequence in which individual sensors 41 , 43, 
47 are connected to the modulator 45 may either be 
based on a free-running oscillator (not shown) included 
in the modulator and sensor unit 42, or be triggered by 
an addressing routine embedded in the power emission 
from the transmitter unit, e.g. by frequency or amplitude 
modulation of the power emission. Thus, many config- 
urations are possible for controlling the transmission of 
a monitored value from a sensor, but common to all such 
configurations is that a microcontroller 47 is connected 
to the multiplexer 44 to provide digital control of the ad- 
dressing routines. 

[0056] With reference to Fig. 11, a transponder unit 
1 51 , including a microsensor52 and a power converting 
and modulating circuit 53 as described above is mount- 
ed at the distal end of a guide wire 50 is shown. A core 
wire 51 extends through the length of the guide wire. 
The core wire 51 , which may consist of a single or multi- 
strand wire, is typically provided with a section 55 having 
a reduced diameter to ensure a reduced bending stiff- 
ness to reduce the risk of rupturing the vessel during 
positioning. For the same reason, the guide wire tip 56 
is typically rounded. A coil 57 covers the section 55 of 
reduced diameter to provide the distal end of the guide 
wire with a substantially uniform outer diameter. 
[0057] The transponder unit 151 is mounted in a re- 
cess 153 in the core wire section 55, and is electrically 
connected 154 to the core wire 51 in order to provide a 
ground potential to the transponder unit via the core 
wire. 



[0058] A coil wire section 54 of a radio opaque mate- 
rial such as platinum is helically wound around a part of 
the guide wire section 55 to cover the transponder unit 
151 and, at the same time, to form a part of the guide 
5 wire distal end outer surface, similarly to the coil 57. The 
coil wire 54 is insulated from the core wire 51 by an in- 
sulating layer 155, and is connected to the transponder 
unit to act as a power converting means, such as is de- 
scribed with reference to the power converting trans- 
io ponder antenna 7 of Fig. 1 . 

[0059] Thus, since the core wire 51 and the wire 54 
have different locations in space a voltage will occur be- 
tween them when an electrical field gradient is present, 
as is the case when a transmitting or transceiver unit as 
is described above is activated. 

[0060] Fig. 12 illustrates an example of use of a sys- 
tem according to the present invention, wherein a sub- 
ject 62 is investigated with a transponder unit 61 that is 
mounted on a guide wire 66. The guide wire 66 has been 
20 surgically inserted into the femoral artery and has been 
advanced until the transponder unit 61 is located within 
the heart, making local cardiovascular measurements 
possible. Exteriorto the subject 62 is placed a transceiv- 
er unit 63 with an antenna 64. The transceiver unit 63 is 
25 connected to a signal processing and presentation unit 
65. The signal processing and presentation unit 65 
could be any proper multipurpose device, such as a per- 
sonal computer with a suitable interface circuit, as is ap- 
parent for anyone skilled in the art. 
30 [0061] Instead of being mounted onto a guide wire, 
the transponder unit could me mounted on a substrate 
162 to be inserted into the body as an implant 160, as 
shown in Fig. 1 3. The implant is covered with an protec- 
tive encapsulating material 164, such as a silicon resin, 
35 to protect the circuitry as well as the body tissue sur- 
rounding the implant. A transponder antenna 167 con- 
nected to the transponder unit, as described above for 
the different embodiments of transponder antenna, and 
made from a biologically acceptable metal passes 
io through the encapsulating material. 

[0062] Of course, the transponder unit of a substrate, 
including its sensor, could for example be anyone of 
those previously described herein. 
[0063] The implant 160 is disposed at the site of 
■is measurement and is fastened thereto by a suitable at- 
tachment means of the implant. An example of such an 
attachment means is shown in Fig. 13 as hole through 
the implant, which hole is used for anchoring the implant 
with a suture. Other such attachment means could be 
so clamps or hook-like protrusions. 

[0064] Thus, according to the present invention, the 
information of the physiological variable is determined 
using a constant pre-selected carrier frequency, as op- 
posed to the previously used systems wherein a fre- 
55 quency sweep is used to determine a resonance fre- 
quency, the value of which is indicative of the physiolog- 
ical variable. Instead, the information is superimposed 
on the constant carrier frequency in the form of a time 
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or frequency based modulation. 

[0065] Accordingto the invention, the carrier frequen- 
cy is provided to the transponder unit disposed in a living 
body by an alternating electromagnetic field that also 
provides energy for operating the transponder unit. The 5 
transponder unit interacts with the electromagnetic field 
applied in a way that is determined by at least one phys- 
ical parameter at the site of the sensor. The interaction, 
being observable as a change in the electromagnetic 
field strength according to a pattern representing a value 10 
of the physical parameter, is monitored outside of the 
body and is interpreted by a demodulating unit. 
[0066] Thus, the communication of the measured pa- 
rameter value is achieved in a wireless manner, there- 
fore eliminating the need for connectors and wires.along '5 
the guide wire. 

[0067] With the invention a number of advantages are 
obtained. 

[0068] Thus, the required electronic circuitry may be 
integrated on a single silicon die, having extremely small 20 
dimensions, and requires only a small number of dis- 
crete components. In all, all necessary components can 
be accommodated and packaged within the available 
space of a guide wire having an outside diameter of 0.4 
mm or less. 25 
[0069] Also, the system operates at a low bandwidth, 
and is hence not sensitive to electromagnetic distur- 
bances. Furthermore, it is not sensitive to the position 
of the transmitter or to the precise control of the trans- 
mission properties of the medium. 30 
[0070] It is obvious that the present invention may be 
varied in many ways with respect to the detailed descrip- 
tion above. Such variations are not to be regarded as a 
departure from the spirit and scope of the invention, and 
all such modifications as would be obvious to one skilled 35 
in the art are intended to be included within the scope 
of the following claims. 



Claims 40 

1 . A biotelemetry system for measuring a physiologi- 
cal variable within a living body, including a radio 
frequent energy transmitter (1) to be disposed out- 
side of the body, a radio frequent energy receiver 45 
(3) to be disposed outside of the body, and a trans- 
ponder unit (2; 22; 72; 82) including a sensor (11; 

31 ; 75; 85; 41 , 43, 47) sensitive to the physiological 
variable, which transponder unit is 
characterised by so 
a modulator unit (12; 32; 45; 74, 76, 77, 78; 81 , 83, 
84) for controlling the radio frequent energy absorp- 
tion of the transponder unit according to a time-se- 
quence representing said physiological variable. 

55 

2. The biotelemetry system according to claim 1, 
wherein the transponder unit (2; 22; 72; 82) com- 
prises a transponder antenna (7; 28; 71 ; 88 ) and a 



rectifier (9; 29; 73; 87), said antenna and rectifier 
forming a power supply for the sensor and the mod- 
ulating unit. 

3. The biotelemetry system according to claim 2, 
wherein at least a part of said antenna is integrated 
with a core wire of a guide wire. 

4. The biotelemetry system according to anyone of the 
previous claims, wherein the transponder unit (82) 
comprises a resistive sensor (85). 

5. The biotelemetry system according to anyone of the 
previous claims, wherein the transponder unit (72) 
comprises a capacitive sensor (75). 

6. The biotelemetry system according to claim 1, 
wherein the transponder unit comprises a trans- 
ponder antenna (71), a rectifier (73), a capacitive 
sensor (75), inverters (76, 77, 78), and a resistor 
(74). 

7. The biotelemetry system according to claim 1, 
wherein the transponder unit comprises a resistive 
sensor (85), a rectifier (87), an operational amplifier 
(81), resistors (83, 84), a capacitor (86); andatrans- 
ponder antenna (88). 

8. The biotelemetry system according to claim 1, 
wherein the transmitter includes a narrow-band os- 
cillator (4; 23) for providing a substantially constant 
output frequency and amplitude, and the receiver 
includes a narrow-band amplifier (14) operation at 
the same frequency as the transmitter. 

9. The biotelemetry system according to claim 8, 
wherein said narrow-band amplifier is a synchro- 
nous amplifier. 

10. A guide wire (50), having at its end a transponder 
unit (2; 22; 72; 82) including a sensor (1 1 ; 52) sen- 
sitive to a physiological variable 
characterised by 

a modulator unit (12; 32; 45: 74, 76, 77, 78; 81 , 83, 
84) for controlling the radio frequent energy absorp- 
tion of the transponder unit according to a time-se- 
quence representing said physiological variable. 

11. The guide wire according to claim 10, wherein the 
transponder unit (2; 22; 72; 82) comprises a trans- 
ponder antenna (7; 28; 71; 88 ) and a rectifier (9; 
29; 73; 87), said antenna and rectifier forming a 
power supply for the sensor and the modulating 
unit. 

12. The guide wire according to claim 11, wherein at 
least a part of said antenna is integrated with a core 
wire of the guide wire. 
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13. The guide wire according to anyone of claims 10, 
1 1 or 1 2, wherein the transponder unit (82) compris- 
es a resistive sensor (85). 

14. The guide wire according to anyone of claims 10, 
1 1 or 1 2, wherein the transponder un it (72) compris- 
es a capacitive sensor (75). 

15. The guide wire according to claim 10, wherein the 
transponder unit comprises a transponder antenna 
(71 ), a rectifier (73), a capacitive sensor (75) , invert- 
ers (76, 77, 78), and a resistor (74). 

16. The guide wire according to claim 10, wherein the 
transponder unit comprises a resistive sensor (85), 
a rectifier (87), an operational amplifier (81), resis- 
tors (83, 84), a capacitor (86); and a transponder 
antenna (88). 

17. An implant (160), including a transponder unit (2; 
22; 72; 82) with a sensor (1 1 ; 52) sensitive to a phys- 
iological variable 
characterised by 

a modulator unit (1 2; 32; 45; 74, 76, 77, 78; 81 , 83, 
84) for controlling the radio frequent energy absorp- 
tion of the transponder unit according to a time-se- 
quence representing said physiological variable. 

18. The Implant according to claim 17, wherein the 
transponder unit (2; 22; 72; 82) comprises a trans- 
ponder antenna (1 67 ) and a rectifier (9; 29; 73; 87), 
said antenna and rectifier forming a power supply 
for the sensor and the modulating unit. 

19. The implant according to claim 17 or 18, wherein 
the transponder unit (82) comprises a resistive sen- 
sor (85). 

20. The implant according to claim 17 or 18, wherein 
the transponder unit (72) comprises a capacitive 
sensor (75). 

21. The implant according to claim 17, wherein the 
transponder unit comprises a transponder antenna 
(167), a rectifier (73), a capacitive sensor (75), in- 
verters (76, 77, 78), and a resistor (74). 

22. The implant according to claim 17, wherein the 
transponder unit comprises a resistive sensor (85), 
a rectifier (87), an operational amplifier (81), resis- 
tors (83, 84), a capacitor (86); and a transponder 
antenna (167). 

23. A method for measuring a physiological variable in 
a living body, whereby a transmitter is disposed out- 
side of the body to transmit radio frequent energy, 
and a receiver of radio frequent energy is disposed 
outside of the body, characterised by the steps of 
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introducing a transponder unit (2; 22; 72; 82) 
having a sensor (1 1 ; 31 ; 75; 85; 41 , 43, 47) sen- 
sitive to the physiological variable, and a mod- 
ulator unit (12; 32; 45; 74, 76, 77, 78; 81, 83, 
5 84) for controlling the radio frequent energy ab- 

sorption of the transponder unit according to a 
time-sequence representing said physiological 
variable; 

- operating the transmitter to provide the trans- 
10 ponder unit with a radio frequent energy of sub- 

stantially constant frequency and amplitude; • 
operating the receiver to monitor the radio en- 
ergy absorption of the transponder unit to de- 
termine the time-sequence representing said 
is physiological variable; and 

decoding said absorption time-sequence to in- 
terpret it as a measure of the physical variable. 

24. The method according to claim 23, wherein the step 
20 of introducing the transponder unit includes intro- 
ducing a guide wire (50), having said sensor and 
modulator unit at its distal end, into a vessel of the 
body. 

25 25. The method according to claim 23, wherein the step 
of introducing the transponder unit includes the im- 
plantation of an implant (160) having said sensor 
and modulator unit disposed thereon. 
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